Abstract. Cancer metastases are not always cured by chemotherapy. Conventional and alternative drugs, including Chinese herbal remedies, have been developed to target metastatic cancer cells. Smilax china L. (SCL), a member of the Smilacaceae family, exerts anti-inflammatory, detoxification and anti-cancer effects. However, the effect of SCL on breast cancer cell metastasis and the underlying mechanisms are yet to be elucidated. The aim of this study was to investigate the effect of a SCL ethanol extract (SCLE) on the proliferation and migration of MDA-MB-231 human breast cancer cells, as well as the expression of urokinase plasminogen activator (uPA), uPA receptor (uPAR) and tissue inhibitors of metalloproteinases (TIMPs). Cell proliferation was assessed using the Cell Counting Kit-8 and cell migration was determined by wound healing assay. Quantitative polymerase chain reaction was performed to quantify the mRNA levels of uPA, uPAR and TIMPs. SCLE markedly inhibited the proliferation and migration of MDA-MB-231 cells, and reduced the mRNA levels of the extracellular matrix (ECM) degradation-associated molecules uPA, uPAR. By contrast, SCLE significantly increased the mRNA levels of TIMP1 and TIMP2. These findings show that SCLE exerts an anti-metastatic effect on human breast cancer cells, which may involve the modulation of ECM degradation.
Introduction
Breast cancer is the second leading cause of cancer-related mortality among females worldwide. Although improved screening techniques have aided the detection of breast cancer at the early stages and advanced treatments have markedly improved patient survival, tumor invasion and metastasis still contribute to the majority of breast cancer-associated mortalities (1) .
Metastasis is a series of events that involves the detachment of tumor cells from the primary tumor site, their adhesion, migration and invasion into blood or lymphatic vessels and their interaction with target tissues. The invasion of tumor cells into target tissues results in the formation of secondary tumors (2, 3) . These events occur repeatedly during tumor invasion, and perturbation of the adhesiveness and motility of tumor cells and their invasion into target tissues has been proposed as a method of preventing cancer progression (4, 5) .
Plants are valuable sources of natural therapeutic compounds. Research into oriental medicines has increased over the past decade, with the aim of identifying novel drugs, including anti-cancer agents (6) (7) (8) . Several herb-based constituents and extracts have been found to reduce tumor growth and inhibit the metastasis of human cancer cells in in vitro and in vivo models (9, 10) . Therefore, such compounds may be valuable tools in cancer therapy.
Smilax china L. (SCL), a member of the Smilacaceae family, is used in Traditional Chinese Medicine as a diuretic and detoxification agent and to treat various conditions, including rheumatic arthritis, lumbago, gout, tumors and inflammatory diseases (11) . Pharmacological investigations indicate that SCL exhibits anti-tumor (12) and anti-inflammatory (13) effects. However, the effect of SCL ethanol extract (SCLE) treatment on the highly metastatic MDA-MB-231 human breast cancer cell line is yet to be elucidated. Therefore, in the present study, the anti-metastatic effect of SCLE on MDA-MB-231 cells was investigated. Preparation of plant extracts. SCL was purchased as a dried herb from Omniherb Co. (Yeoungcheon, Korea). The dried bark of SCL (200 g) was extracted twice using 70% ethanol with 2 h reflux, and the extract was concentrated under reduced pressure. The decoction was filtered, lyophilized and stored at 4˚C. The yield of dried extract from the starting crude material was ~12.7% (w/w). The SCLE was diluted in culture media to the final concentrations indicated for each experiment.
Materials and methods

Materials
Cell culture. MDA-MB-231 cells were obtained from the American Type Culture Collection (Rockville, MD, USA) and cultured in RPMI-1640 medium supplemented with 10% FBS, 100 U/ml penicillin and 100 µg/ml streptomycin. The culture was performed at 37˚C in 5% CO 2 . Subsequent to reaching 80% confluence, the cells were detached using 0.25% trypsin-EDTA. Cells were then subcultured further.
Cell viability assay. Water-soluble tetrazolium salt-8, which is reduced to yellow water-soluble formazan by the dehydrogenase released from mitochondria, was the effective constituent of the CCK-8. Absorbance was measured at 450 nm using a Benchmark Plus Microplate Spectrophotometer (Bio-Rad, Hercules, CA, USA). Cytotoxicity was expressed as a percentage of the absorbance measured in the control and SCLE-treated cells.
Wound healing assay. MDA-MB-231 cells were plated in a 12-well plate at a concentration of 5ⅹ10 5 cells/well and allowed to form a confluent monolayer for 24 h. Cells were wounded using a yellow pipette tip and cellular debris was removed by washing with RPMI-1640 medium. The wounded monolayer was incubated in the presence or absence of SCLE (25 and 50 µg/ml) for 24 h in either RPMI-1640 plus 10% FBS as a positive control or RPMI-1640 plus 1% FBS (CON). Images were captured of the cell migration into the wounded area using phase-contrast microscopy.
Quantitative polymerase chain reaction (qPCR). qPCR was performed using the Rotor-Gene 3000 (Corbett Research, Sydney, Australia) system using SYBR ® Green Master Mix (Qiagen, Tokyo, Japan). The percentage of target gene expression relative to the control was normalized using the GAPDH internal control according to the 2 -ΔΔCt analysis. Primers for the target genes were designed using Primer3 software (Table I) (14) .
Statistical analysis. Statistical analyses were performed using the Prism 5 software (GraphPad Software, Inc., San Diego, CA, USA). Analysis of variance followed by a Dunett's test were performed. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
Effect of SCLE on MDA-MB-231 cell viability.
The cytotoxic effect of SCLE was investigated in three cancer cell lines (HepG2, A549 and MDA-MB-231) using the CCK-8. SCLE was observed to reduce the viability of each of these cell lines in a concentration-dependent manner (Fig. 1A) . However, SCLE was found to have a weaker effect on the viability of A549 and MDA-MB-231 cells than that of HepG2 cells. SCLE was observed to reduce the viability of MDA-MB-231 cells from 100 to 60% in a concentration-and time-dependent manner (Fig. 1B) . The viability of MDA-MB-231 cells was significantly reduced following treatment with 100-400 µg/ml SCLE for 12 or 24 h (P<0.01) (Fig. 1B) . Based on these results, non-cytotoxic concentrations of SCLE (25 and 50 µg/ml) were used in further experiments.
Effect of SCLE on the metastatic potential of MDA-MB-231
cells. Due to the highly invasive nature of triple-negative breast cancers, the present study investigated the effect of SCLE on the invasive potential of MDA-MB-231 cells in vitro. A wound healing assay was performed to determine the effect of SCLE on the inhibition of MDA-MB-231 cell migration. Twenty-four hours after cell monolayers were wounded, control cell monolayers (RPMI-1640 plus 1% FBS) had completely filled the wounded area. SCLE treatment was observed to inhibit the migration of MDA-MB-231 cells in a concentration-dependent manner ( Fig. 2A) . Densitometric analysis showed that treatment with 50 µg/ml SCLE reduced the migration of MDA-MB-231 cells by ~50% (Fig. 2B) . These results suggest that SCLE effectively inhibits the migration of the highly invasive MDA-MB-231 breast cancer cell line.
Effect of SCLE on the expression of extracellular matrix (ECM) degradation-associated molecules.
The overexpression and activation of urokinase plasminogen activator (uPA) and the uPA receptor (uPAR) play an important role in the invasion of breast cancer cells by stimulating ECM degradation and thereby promoting cell migration. Therefore, the present study aimed to investigate whether the SCLE-induced inhibition of migration in MDA-MB-231 cells correlated with modulation of uPA and uPAR. SCLE treatment was found to reduce the mRNA levels of uPA and uPAR in a concentration-dependent manner (Fig. 3) . By contrast, the mRNA levels of tissue inhibitor of metalloproteinase (TIMP) 1 and 2 were significantly increased following SLCE treatment (P<0.05). These data suggest that the GTGTAGGATGAGGTTTTCCA  NM_002658  101  uPAR  GGTTGTGTGTGGGTTAGACT  CTCTCACAGCTCATGTCTGA  NM_002659  117  TIMP1  TGGACTCTTGCACATCACTA  GATGGATAAACAGGGAAACA  NM_003254  133  TIMP2  GCTCTGTTGATTTTGTTTCC  CTGCTTGTCAACTTTCAACA  NM_003255  125  GAPDH  TCAAGCTCATTTCCTGGTAT  GTGAGGGTCTCTCTCTTCCT  NM_002046  141 uPA, urokinase plasminogen activator; uPAR, uPA receptor; TIMP, tissue inhibitor of metalloproteinase. B A SCLE-mediated inhibition of MDA-MB-231 cell migration and metastasis may be dependent on the degradation of the ECM.
Discussion
In patients with cancer, mortality is rarely a direct consequence of the growth of the primary tumor, but of primary tumor metastasis. Therefore, the prevention and suppression of tumor invasion and metastasis may be a promising strategy for improving the survival of patients with malignant tumors. The present study aimed to investigate the anti-metastatic effects of SCLE, a Chinese herbal medicine, and the mechanisms underlying these effects. SCLE was found to have an anti-metastatic effect on human breast cancer cells. SCLE reduced MDA-MB-21 cell migration in a concentration-dependent manner in vitro (Fig. 2) , indicating that SCLE has potent anti-metastatic activity in vitro.
Metastasis is the major cause of mortality in patients with cancer, and is a multifaceted process that results from coordinated events, including cancer cell invasion, migration and adhesion (15) . Proteolytic enzyme-induced degradation of the ECM and basement membrane and the subsequent invasion of cancerous cells are essential early steps in metastasis (16) . uPA is an important proteolytic enzyme that degrades the ECM, and the expression of uPA and uPAR is associated with increased tumor cell invasion and metastasis in breast cancer (17, 18) . It is well established that overexpression of uPA in breast cancer is a strong indicator of poor prognosis. uPA binds uPAR on the cell membrane and subsequently degrades cell surface-associated plasminogen (19) . Therefore, the present study investigated whether the anti-invasive effect of SCLE in MDA-MB-21 cells correlated with the inhibition of uPA and uPAR activity. SCLE treatment was observed to reduce the mRNA levels of uPA and uPAR (Fig. 3A) . Matrix metalloproteinases are a large group of proteolytic enzymes that are involved in degrading and remodeling the ECM in response to a number of pathological stimuli (20) . These enzymes are controlled by their endogenous inhibitors TIMP1 and TIMP2 (21) . Therefore, increased TIMP activity can inhibit cancer cell invasion and metastasis (22, 23) . SCLE treatment increased the mRNA levels of TIMP1 and TIMP2 in MDA-MB-231 cells (Fig. 3B) . These effects correlated with the inhibition of MDA-MB-231 cell invasion by SCLE.
The present study has demonstrated that SCLE effectively suppresses invasiveness in the MDA-MB-231 human breast cancer cell line. The mechanism underlying this effect may involve modulation of uPA, uPAR and TIMP expression. The results of this study indicate that SCLE may be a potential agent for the treatment of cancer metastasis.
